Introduction: Repeated blood transfusions with increased intestinal iron absorption in thalassemia causes iron overload, catalyzed production of various reactive oxygen species subsequently trigger oxidative stress. Endothelial as the first organ exposed to reactive oxygen species would suffer a marked increase in adhesion molecule due to endothelial dysfunction that will trigger a hypercoagulation. Objective: To investigate the correlation between oxidative stress status (malondialdehyde, MDA) and endothelial dysfunction (serum Vascular Cell Adhesion Molecule-1, sVCAM) in iron overload pediatric thalassemic patients with hypercoagulation. Methods: A cross-sectional study was conducted on thalassemic subjects with inclusion criteria: aged 5 -14 years with iron overload who had hypercoagulation based on TEG (Thromboelastography) examination. The determination of thalassemia degree was based on a Novel scoring system. The correlation between serum MDA and sVCAM-1 was analyzed using Rank Spearman, with a significance value of 5% and 95% confidence intervals. Results: Nineteen male and twelve female children were included in the study. All subjects had pretransfusion Hb < 9 g/dL and the nutritional status of moderate malnutrition. The results showed a moderately positive significant correlation between serum MDA and sVCAM-1 levels (p = 0.02, r = 0.416). The results also showed that there was a significant difference between serum MDA and thalassemia degree (p = 0.029, <0.05), whereas levels of serum MDA in severe degree of thalassemic group were higher than in moderate degree group based on analysis using unpaired t-test (p = 0.026). Conclusions: Serum MDA level as stress oxidative status marker has moderately positive correlation with sVCAM-1 as endothelial dysfunction marker in iron overloaded pediatric thalassemic patients with hypercoagulation.
Introduction
Thalassemia is one of the common forms of hereditary disorders due to abnormalities in single genes caused by about 200 mutations in the gene encoding the globin chains. On beta-thalassemia, beta globin chain synthesis absent or reduced, causing the production of excess alpha chains. Excess alpha chains will cause the erythrocytes to become more fragile, easily crushed, thus resulting in ineffective erythropoiesis and various degree of anemia [1] . Patients with thalassemia major will require repeated blood transfusions to survive due to severe anemia [2] . Repeated blood transfusions in major beta-thalassemia and the increase of iron intestinal absorption will cause excess iron accumulation in various tissues of the body. As a consequence of the presence of secondary excess iron there was production of various reactive oxygen species (ROS). An increase of ROS in the erythrocyte will cause oxidative stress [3] [4] . Oxidative stress causes lipid peroxidation, characterized by increased levels of malondialdehyde (MDA), a well-recognised biomarker of lipid peroxidation. Lipids are a group of biomolecules that are most involved in the process of oxidative stress. Chronic intravascular hemolysis which occurs in thalassemia is also associated with increased prooxidant factors and proinflammatory endothelial dysfunction, as the first organ exposed by the ROS, one of which is characterized by subsequent coagulopathy that will cause vasomotor dysregulation and vasculopathy. Endothelial dysfunction characterized by increase in adhesion molecules such as sVCAM-1, the only adhesion molecules which expressed by endothelial cells only when there is inflammation or infection stimulus [5] [6] .
Endothelial dysfunction is an early marker to detect cardiovascular disease characterized by a decrease in endothelial vasodilatation and also an increase in proinflammatory status and prothrombotic components [5] [7] [8] . The hemolysis process which occurs in thalassemia is also directly related to endothelial damage. Recent data indicated that chronic intravascular hemolysis had a role in the occurrence of endothelial dysfunction [5] [6] . Endothelial dysfunction can lead to a hypercoagulable state which can be characterized by the occurrence of thromboembolic events. A study of thalassemic patients carried out in the Dr.
Hasan Sadikin Hospital found 70% of children who experienced a hypercoagulable state had no obvious symptoms and might also occur before clinical manifestations arise [9] . This raised awareness of the presence of chronic hypercoagulable state in pediatric patients with thalassemia. Therefore, we decided to analyze the correlation between serum MDA which represented oxidative stress status and serum sVCAM-1 which represented endothelial dysfunction in iron overload (serum ferritin levels > 1.000 µg/L) [3] 
Materials and Methods

Results
During March 2015 there were 97 subjects aged 5 -14 years and we found 31 subjects (determined by power calculation for correlation test) who met inclusion criteria. The majority of the research subjects were 10 years and older (61.29%) and were mostly male. Based on a length of illness and the degree of thalassemia, the majority of subjects suffered from thalassemia for >10 years with moderate degree. All subjects had pretransfusion Hb level <9 g/dL and the nutritional status were moderately malnourished. In the majority of subjects (74.19%) received deferiprone as iron chelating agent with treatment adherence was not significantly different between the optimal and not optimal group, and only two subjects had undergone splenectomy.
There was significant differences when comparing the MDA levels with the degree of thalassemia, where moderate degree of thalassemia group had lower levels of serum MDA than severe degree, with p-value = 0.026 (Table 1) . Table   2 shows no significant differences found between sVCAM-1 levels and subjects' characteristics. Statistical test results using Spearman rank correlation analysis on the significance level of 5% showed a significant relationship between MDA with sVCAM-1 serum from pediatric thalassemic patients with hypercoagulation with p = 0.02 and moderately positive correlation with r = 0.416.
Discussion
Based on the general characteristics of the subjects, we had 31 children consisted of 19 males and 12 females. The majority of the subjects (19/31) were over 10 years age with the youngest age was 6 years old. Rosendaal [16] stated that age increases the risk of thrombosis also in other study that had already stated that thrombosis may occur at the early age [17] . On the other hand, Tejasari et al. [9] mentioned that age was not a factor that is associated with a hypercoagulable state. Repeated blood transfusions especially in major beta-thalassemia with increasing the intestinal absorption of iron will cause excess iron accumulation in various tissues of the body. This is thought to be the underlying reason increased incidence of thrombosis in accordance with increasing of age.
Our study showed that the MDA levels, as a product of membrane lipid peroxidation due to oxidative stress, in all subjects remains high even though it has got deferiprone and desferasirox as iron chelating agents, optimal or not. This could cause by iron overload condition in subjects that causing oxidative stress.
Another study stated that even in thalassemia major patients who received desferoxamine as iron chelating agent, iron overload in the body remains high [18] . Based on statistical test using Rank Spearman, our study showed a moderately positive significant correlation between serum MDA with sVCAM-1 levels (p = 0.02, r = 0.416). The statistical test used in this study was Rank Spearman due to sVCAM-1 distribution is not normal. Form and strength of the correlation between serum MDA with sVCAM-1 in this study explained that in conditions of oxidative stress that causes endothelial dysfunction attachment of erythrocytes and leukocytes to vascular endothelium suggested there was instability that could lead to a hypercoagulable state. Another study also stated that endothelial injury or activation aiding in the recruitment of white blood cells and erythrocytes, promoting thrombosis [12] . Increased levels of endothelial adhesion proteins characterized by increased levels of sVCAM-1 occurs when the production of reactive oxygen species increased due to iron overload. Our study subjects who did not receive supplementation of antioxidants (vitamin E) due to the unavailability of antioxidants supplement from the Government health insurance.
On the other hand it shows that the levels of serum MDA and sVCAM-1 on our subjects was not influenced by the administration of antioxidants.
In our study, a comparison between serum sVCAM-1 levels and gender, age, length of disease, thalassemia type, degree of thalassemia, type of iron chelating agent as well as treatment adherence showed no significant difference (Table 2) . On the other hand, a comparison between serum MDA levels and subjects' characteristics only thalassemia degrees, based on unpaired t-test showed significant differences, where severe degree thalassemia group (score 7.5 -10) had serum MDA levels higher than moderate degree thalassemia (score 4 -7) ( Table 1 ). The determination of the degree of thalassemia was based on a Novel scoring system that divides thalassemia degrees by 6 parameters: age at diagnosis (in years), age when received a first transfusion (in years), the frequency of transfusion requirements, spleen size (cm), and the presence or absence of growth disorders, with a score range of 0 -10. This scoring system basically classifies the severity of thalassemia intermedia which aim to improve the quality of management [13] . The application of this scoring system is more recommended in patients aged less than 10 years so the more effective management can be achieved, such as when to start giving transfusions and iron chelating agent, which could prevent increased clinical severity of intermediate thalassemia. Serum MDA levels were higher in subjects with severe degree thalassemia indicates that the lower the pretransfusion Hb level and more frequent transfusions, the higher the level of oxidative stress marker. It also shows the need for monitoring of signs leading to the occurrence of TEE, especially in patients with moderate and severe degree thalassemia.
Serum MDA levels in our study had a mean of 81.56 ng/mL, median 85.8 ng/mL and the range of 47 -112 ng/mL. In our study, assessment on healthy children was not conduct so the value of MDA in healthy subjects was not known. At present reference value for normal serum MDA levels has not existed.
Increased levels of serum MDA on the thalassemia subjects compared to healthy subjects were caused by the absence of beta globin chains in beta-thalassemia patients lead to the accumulation of excess alpha globin chains, the presence of excess alpha globin chain was a primary cause of cellular oxidative damage as well as iron overload. As a result of increased levels of plasma iron and nonhemoglobin intracellular iron in thalassemia, production of ROS will be increased [19] . Furthermore, repeated blood transfusions will lead to iron overload thus increasing the production of free radicals and peroxidation damage on the tissue. As compensation for these conditions, this would decrease the levels of endogenous antioxidants, but in this study we did not measure antioxidants levels. Lipid peroxidation was indicated by elevated levels of serum MDA. Metabolic changes of iron and increased production of free radicals in thalassemia would offset the increased consumption of endogenous antioxidants indicating the need for administration of antioxidants such as vitamin E, which may give significant results in the fight against oxidative damage. Serum sVCAM-1 levels in this study had a mean of 131.69 ng/mL, median 123.1 ng/mL and ranges from 79.2 to 224.6 ng/mL. Vascular adhesion molecules-1 is one of the adhesion molecules expressed by endothelial cells when endothelial dysfunction. The study by El-Kinawy and Andrawes [20] showed elevated levels of sVCAM-1 in patients with thalassemia compared to healthy control subjects. In this study, there was no assessment of sVCAM-1 serum levels in healthy subjects, but there were differences in the levels of sVCAM-1 by age, type of thalassemia, the degree of thalassemia, iron chelating agent types, as well as its treatment adherence where sVCAM-1 serum levels were higher in the group aged 10 years and over, thalassemia major, severe degree of thalassemia, use of deferasirox as iron chelating agent and on the subject of non-compliance, although not statistically significant. Increased levels of sVCAM-1 indicates the endothelial activation is higher, so the risk of thromboembolic manifestations as long-term complications become higher.
This study has several limitations including no assessment of serum MDA and sVCAM-1 levels in healthy subjects, so the normal values of serum MDA and sVCAM-1 in healthy subjects with similar demographic characteristics with our study subjects is not known, the symptoms that lead to the incidence of TEE were not accompanied by evidence of more objective investigations (eg. angiography, CT-scan, MRI), also the very few number of patients studied and the short study period. However, due to our limitations, more studies are needed.
Conclusion
In conclusions, serum MDA level has moderately positive correlation with sVCAM-1 in iron overloaded pediatric thalassemic patients with hypercoagulation. So, iron overload increases the risk of thromboembolic events in children with hypercoagulation. We also found that there was a significant difference between serum MDA and thalassemia degree.
